Determining sources of neurotoxic metals in rural and urban soils is important for mitigating human exposure. Surface soil from four areas with significant clusters of mental retardation and developmental delay (MR/DD) in children, and one control site were analyzed for nine metals and characterized by soil type, climate, ecological region, land use and industrial facilities using readilyavailable GIS-based data. Kriging, principal component analysis (PCA) and cluster analysis (CA) were used to identify commonalities of metal distribution. Three MR/DD areas (one rural and two urban) had similar soil types and significantly higher soil metal concentrations. PCA and CA results suggested that Ba, Be and Mn were consistently from natural sources; Pb and Hg from anthropogenic sources; and As, Cr, Cu, and Ni from both sources. Arsenic had low commonality estimates, was highly associated with a third PCA factor, and had a complex distribution, complicating mitigation strategies to minimize concentrations and exposures.
Introduction
Soils contaminated with toxic metals from point sources are potential exposure routes for surrounding populations (Carrizales et al., 2006; Hinwood et al., 2004; Pruvot et al., 2006) . Surface soils are a relevant exposure route for a variety of metals (Caussy et al., 2003) such as arsenic (As) (Calderón et al., 2001; Díaz-Barriga et al., 1993) , chromium (Cr) (Duckett, 1986) , lead (Pb) (Calderón et al., 2001; Factor-Litvak et al., 1999) , and mercury (Hg) (Debes et al., 2006) , many of which have been associated with negative neurological impacts on humans. The relation between soil metal concentrations and residential dust metal concentrations also has been established (Hinwood et al., 2004; Hwang et al., 1997; Thornton et al., 1990; Wolz et al., 2003) , regardless of whether the source is natural or anthropogenic, urban or rural.
It is often assumed that urban areas are more contaminated than rural areas due to the high number of these potential sources Harrison et al., 1981; Lau and Wong, 1982; Li et al., 2004; Madrid et al., 2002; Mielke et al., 1999; Surthland et al., 2000) . Rural soils may also contain high concentrations of metals from natural geologic sources, pesticide application in high density agricultural areas (Micó et al., 2007; Rodríguez Martín et al., 2006; Wong et al., 2002; Yokel and Delistraty, 2003) , localized industrial facilities, or atmospheric deposition (Nriagu and Pacyna, 1988) . Understanding sources of metals in surface soils is necessary to implement mitigation strategies to reduce concentrations and limit human exposure.
The objectives of this study were to use publicly-available GIS-based data of eco-geologic, physico-chemical and industrial characteristics to determine commonalities of distribution, concentrations, and potential sources of nine metals in surface soils from four areas where a significantly high prevalence of mental retardation and developmental delay (MR/DD) was identified (two rural and two urban), and in a control rural reference area with no increased MR/DD prevalence compared to the state-wide average. The metals chosen were those with known environmental neurotoxicity such as As, Pb, Hg, and occupational toxicity (barium (Ba) (Jacobs et al., 2002) , beryllium (Be) (Madl et al., 2007) , Cr (von Berg and Liu, 1993) , copper (Cu) (Stern et al., 2007) , manganese (Mn) (Bouchard et al., 2008) , and nickel (Ni) (Chashschin et al., 1994) .
Map layers containing information on the natural geology of the area, soil type, climate division, ecosystem region, and anthropogenic characteristics of land use, presence of industrial facilities and Superfund sites were used to find associations with metal concentrations within each area. Kriging analysis of metal concentrations in each strip area was used to identify overlapping areas of higher metal concentrations. Because of the large numbers of sampling points within each area and the numerous metals measured at each point, principal component analysis (PCA) and cluster analysis were used reduce multidimensional data sets to lower dimensions (Barona and Romero, 1996) by identifying factors that contain the majority of the variance of the associated variables (Hill and Lewicki, 2005) , and identify associations between metals in soils and possible commonalities of sources Li et al., 2004; Rodríguez Martín et al., 2006; Wong et al., 2002) .
GIS-based data have been used in environmental soil (Jordan et al., 2007; Li et al., 2004) and ground water studies (Aelion and Conte, 2004) , though most have not focused on the identification of possible contaminant sources and their potential associations to negative human health outcomes. Identifying potential commonalities in natural and anthropogenic metal concentrations and sources in surface soils in areas with known negative health outcomes may inform decisions on how to reduce contamination, and thereby minimize human exposure and protect populations at risk.
Materials and methods
Soil was collected from five areas. Strip 1 was a reference area with no increased prevalence of MR/DD compared to the state average, and Strips 2, 3, 4 and 5 had an increased prevalence of MR/DD identified using Bayesian local likelihood cluster modeling of maternal residence during pregnancy and the MR/DD outcome of the child born to each mother (Zhen et al., 2008) .
Strip 1 had the largest area (450 km 2 ) and Strip 5 had the smallest area (60 km 2 ); Strips 2, 3 and 4 were similar in size (150, 120 and 130 km 2 , respectively). The numbers of cases (those diagnosed with MR/DD) and controls (those with no MR/DD diagnosis) varied between strips, but were relative to each strip area's population (i.e. Strip 3 had the fewest number of cases and controls, and Strips 4 and 5 had the greatest number). Each strip was defined as urban or rural based on the US Census Bureau. Urban areas are defined as those census blocks that have a population density of at least 500 people mi −2 (US Census, 2002). Rural areas are defined as those that are not located in an urban area. Strips 1, 2 and 3 were defined as rural areas and had small towns located within the strip areas. Strips 4 and 5 were defined as urban areas and had Metropolitan Statistical Area (MSA) populations of approximately 300,000 (Table 1) .
Strip area latitude and longitude coordinates were mapped using ArcGIS® Version 9.2 software (ESRI, 1999 (ESRI, -2005 . A regular 120-node grid was laid out over each strip area; therefore, soil sampling did not coincide with the actual address location of each mother-child pair within the strip due to confidentiality concerns. Additional layers (roads, counties, etc.) were mapped in order to navigate to sampling locations. Samples were taken as close to grid nodes as possible, and permission was received for samples collected on private property.
Surface soil samples were collected at 5-cm depths after removing any plant debris, and placed in sterile Whirl-Pak® bags (Aelion and Davis, 2007; Aelion et al., 2008) . For Strip 1, the number of samples analyzed for metals was 60, and for Strips 2, 3, 4 and 5 the number of samples analyzed for metals ranged from 114 to 120. Soil pH was measured in Strips 3, 4 and 5 with an Orion pH electrode (Thermo Fisher Scientific, Inc., Waltham, MA) after mixing 7 g of soil with 35 mL of a ~7 pH solution for 10 min. All samples were sent to an independent analytical laboratory (Pace Analytical) within a week of collection, acid digested and analyzed for As, Ba, Be, Cr, Cu, Pb, Mn and Ni (EPA Method 6010),( mg kg −1 dry weight (dw)) with inductively coupled plasma-atomic emission spectroscopy (ICP-AES). Mercury was analyzed using the cold vapor process to concentrate the Hg which reduced detection limits, and subsequently analyzed using ICP-AES (EPA Method 7471). Duplicate, control, spiked and blank samples were analyzed by Pace Analytical to assure appropriate QA/QC. The reporting limits were approximately 0.005 mg kg −1 dw for Hg and ≤0.5 mg kg −1 dw for all other metals. Any samples with measurements below the reporting limit were treated as non-detectable (ND) and were set to zero for all statistical analyses.
Several GIS-based data sets were used to describe the strip areas. 1) Soil type data from the National Resources Conservation Service (NRCS), United States Department of Agriculture (USDA) were collected using the online Web Soil Survey (Soil Survey Staff, 2008) . 2) Climate division information (NCDC, 2005) , average high and low temperatures, and rainfall for cities and towns (NCDC, 2008) located in strip areas were collected from the National Climactic Data Center (NCDC), which divides each state into climate regions based on average temperature, precipitation and drought conditions. 3) Ecological regions (ecoregions) were identified using the United Stated Geological Survey (USGS) map "Ecoregions of North Carolina and South Carolina" (Griffith et al., 2002) , which categorizes areas by ecosystem as well as environmental resources. 4) Land use and land cover information (e.g. residential, forest, agriculture, etc.) was obtained from the US Environmental Protection Agency (EPA) (Anderson et al., 1976) . Only the category which covered the majority of each strip area, specific to each data layer, was identified. For soils, however, the strip area was examined with the Web Soil Survey by dividing the strip into areas of <100 km 2 (if necessary) and recording the dominant soil types for each subsection; therefore, more than one type of soil was identified for each strip.
In addition to the layers described above, different types of industrial facilities and their locations were identified in the strip areas. The EPA's Toxic Release Inventory (TRI; EPA, 2008) for 2006 was used to identify facilities located in each strip area and their self-reported on-site releases of metals (Aelion et al., 2009 ). The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) database for South Carolina (SC) was used to locate potential and identified state and federal Superfund sites (SCDHEC, 2007) . Limited chemical release data were available for CERCLA sites; therefore, no release data were reported.
All statistical analyses (except kriging of metal concentrations) were performed with SAS Version 9.1 software (SAS Institute, 2002 and an α level <0.05 was used to determine significance. All metal concentrations were compared by strip using ANOVA. Soil metal concentrations (for each strip separately) were spatially interpolated using the ArcGIS® Version 9.2 software's kriging geostatistical analyst feature (excluding Be due to the high numbers of nondetectable (ND) samples in Strips 3, 4, and 5). The original kriging method with a standard search of 2-5 neighbors using a spherical model was used. For each metal, estimated metal concentrations were divided into four categories based on quartile data for all strips (25 th , median, and 75 th percentiles). Then, each layer was made semi-transparent so that layers could be overlaid to provide a spatial representation of overlaps of metal concentrations (darker areas). For PCA analyses of metal concentrations (excluding Be as above), only factors with eigen values >1 were used and promax, varimax and no factor rotations were compared; however, only varimax data were reported because this analysis "results in uncorrelated components", and factor loadings are equal to correlations between variables and factors (Hatcher, 1994) . A cluster analysis (average linkage) was completed for each strip separately using all retained factors from the PCA, and a tree diagram was generated to identify metal clustering.
Results
GIS-based data for all strips are summarized in Table 1 . The Web Soil Survey identified six different major soil types from west to east for the reference Strip 1. The Georgeville loam (GeC), Ailey sand (AeB), Nason loam (NaE), Norfolk loamy sand (NoB), and Chewlaca loam (Ch) all have the same soil pH (5.5). All except Ch are well drained and have at least 1.2 m to the water table; Ch is poorly drained and has a shallow ground-water table of only 0.15 m. Johnston muck (JoA), the most eastern soil type, has a lower soil pH (4.2) and is very poorly drained with about 0 m to the water table. The main differences in soils from Strip 1 are in parent materials (GeC and NaE: clayey from argillite; AeB and NoB: loamy marine deposits; and Ch and JoA: loamy alluvium) and 0-8 cm soil profiles (GeC, NaE, and Ch: loam; AeB: sand; NoB: loamy sand; and JoA: muck). In general, from west to east, pH and depth to the water table decreased for soils in Strip 1.
For Strip 2, the northern part of the strip had the majority soil type of Coronaca sandy clay loam (CoB), which is characterized by higher pH (6.5) as well as slightly different parent materials (clayey from hornblende gneiss with masses of gabbro-diorite), and 0-8 cm soil profile (sandy clay loam) than the other types found in the southern portions of Strip 2: Cecil sandy loam, 2-6 % slope (ClB2) and Cecily sandy loam, 6-10 % slope (ClC2). ClB2 and ClC2 have the same features (pH of 5.5, parent materials of clayey granite and gneiss, >2 m to water table and 0-8 cm soil profiles of sandy loam) with the only difference in slope.
Strip 3 had three major soil types: Leaf fine sandy loam (Lf), Chipley loamy sand dark surface (Cn), and Wehadkee-Chastain association (Wk). All Strip 3 soil types were more acidic (4.7-5.1) than other strips; all also drain very poorly and have ≤0.6 m to the water table. Strip 3 soils have parent materials (Ls: clayey marine; Cn: sandy fluviomarine; Wk: loamy alluvium) and 0-8 cm soil profiles (Ls and Wk: fine sandy loam; Cn: sand) that were similar to Strip 1 soils.
Strip 4 major soil types were ClB2 and ClC2, similar to Strip 2. Strip 5 had two major soil types: both Cecil-Urban land complexes with different slopes (2-10 % for CuC and 10-25 % for CuE). These soil types, which are similar to ClB2 and ClC2, have a pH of 5.3, are well drained, have parent materials of clayey granite gneiss, >2 m to water table, and a 0-8 cm soil profile of sandy loam. The main difference in these soils as compared to those in Strip 1, 2, 3 and 4 is that urban land makes up ~50 % of the soil, which means human transported material is also considered a parent material of CuC and CuE soil types. The pH values of the soils reported in the soil survey were similar to those measured in our samples for Strips 3, 4 and 5. The average measured pH was 4.3, 5.8, and 5.5 for Strips 3, 4 and 5 (data not shown), respectively, compared well with the data-base values of the Web Soil Survey, of 4.7-5.1, 5.5, and 5.3, respectively.
The climate divisions were different for Strips 1, 2 and 3 and the same for Strips 4 and 5 (Table  1) . However, all strips had similar temperature ranges (−1 to 32 °C) and average monthly precipitation (10-11 cm). Monthly precipitation was greatest in March for Strips 4 and 5, July for Strips 1 and 3, and January for Strip 2.
The major ecoregions identified for Strips 2, 4, and 5 were the same (Southern outer Piedmont), but both Strip 1 and 3 were located in different ecoregions (Sand hills and Carolina flatwoods, respectively; Table 1 ). The Southern outer Piedmont (Strips 4 and 5) is part of the Piedmont region, a transition zone between the mountains and the coastal plains of SC. The Southern outer Piedmont is less hilly and has less precipitation than the more northern, mountainous area of the state. The majority rock types are granite and gneiss with clayey soils. The Sand hills region (Strip 1) contains marine sands and clays that have been deposited over older rocks. The land is hilly and sands are the predominant soil type, allowing water to easily infiltrate to ground water. The Carolina flatwoods (Strip 3) are compromised of flat surfaces and poorly drained soils, which are loamy due to previous coverage by shallow ocean waters. The water table is also higher, leading to the presence of more freshwater swamps and marshes. In all ecoregions, specific soil types and parent materials corroborated the more detailed Web Soil Survey information.
The most prominent Anderson land cover for Strips 1, 2 and 3 was forests (mixed for Strips 1 and 2 and evergreen for Strip 3; Table 1 ). Lands categorized as forested must have a ≥10 % tree crown closure percentage and have not been developed for other land uses. Evergreen forests have predominately evergreen tree species, while mixed forests have both evergreen and deciduous species. Residential was the most common land use for the urban Strips 4 and 5. The residential categorization of Strips 4 and 5 is applied to urban and built-up land. Urban and built-up land requires much of the land to be covered with structures and is subdivided into more specific land uses, such as residential, commercial, transportation, etc.
Strip 4 had the most TRI facilities of all strips, and Strip 2, though rural, had a similar number of TRI facilities as Strip 4 (Table 1) . Strip 1 TRI facilities reported the highest total on-site releases of Hg and Mn to air (2.3 and 16 kg, respectively; data not shown), and Cu and Pb to water of all strips (113 and 20 kg, respectively; data not shown); releases to air for Cu and Pb were also reported for Strip 1. Strip 2 TRI facilities reported the highest total on-site releases of Cu and Pb to air (30 and 95 kg, respectively; data not shown) for all strips; releases of Cr to air and water and Mn to air were also reported. The TRI facilities in Strip 4 released the highest amounts of Cr to air (20 kg), and Ni to air (4.5 kg) and water (2.3 kg) of all strips; releases of Cu and Pb to air were also reported (data not shown). Strip 3 had one TRI facility located within the strip area, and Strip 5, though urban, had no facilities reporting on-site releases. Based on total on-site releases in SC for 2006, Cu and Pb had the highest on-site releases by TRI facilities (7000 and 4340 kg, respectively), followed by Mn, Cr, Ni, and Hg, ranging from 47 to 2930 kg (data not shown).
On-site release data were not available for the CERCLA sites, so only number of sites was compared between strips. Strip 4 also had the highest number of identified CERCLA sites (30) ( Table 1) ; 15 of the sites were investigated by the state and one was characterized as a Brownfield site. Strips 1, 3, and 5 also had state-investigated sites (5 of 9 for Strip 1, 1 of 1 for Strip 3, and 11 of 13 for Strip 5). Both Strips 1 and 2 had one Brownfield site.
All metal concentrations were significantly different by strip (Table 2) . Overall, Strips 2, 4, and 5 had higher average metal concentrations than Strips 1 and 3. Strip 5 concentrations of As, Cr, and Pb were significantly greater than those in Strips 1, 2 and 3 (p<0.0001). Strip 2, 4, and 5 concentrations of Ba, Cu, and Ni were significantly greater than Strips 1 and 3 (p<0.0001). Strip 2 Hg concentrations were significantly greater than Strips 3, 4 and 5 (p<0.0001). Beryllium concentrations were significantly greater for Strip 2 than Strips 3 and 5 (p=0.0003); however, these strips had high numbers of NDs (98 and 100 %, respectively). Strip 2 Mn concentrations were significantly greater than all other strips, and Strip 4 and 5 Mn concentrations were significantly greater than Strips 1 and 3 (p<0.0001).
Results of overlays of Kriged estimated metal concentration are shown in Figure 1 . Darker colors indicate overlap of higher metal concentrations. For Strips 1 ( Figure 1A ) and 3 ( Figure  1C ), the majority of the strip areas are lightly colored, suggesting both low concentrations and little overlap of areas with high metal concentrations. In comparison, the majority of the areas in Strips 2, 4, and 5 ( Figures 1B, 1D , and 1E, respectively) are dark in color, which suggests both higher concentrations of metals and spatial overlap of metals of high concentrations in these strips. This spatial representation corroborates results from ANOVA strip comparisons and GIS data (i.e. Strips 2, 4, and 5 are most similar and have highest metal concentrations).
The percents of variance explained by all retained factors from PCA (varimax rotation) are presented in Table 3 , but no data are shown for specific factors of the PCA. In Strip 1, Factors 1 and 2 explained 55.6 and 21.2 % of the variance, respectively. For Strip 1, As, Ba, Be, Cr, Cu, Mn, and Ni were all highly correlated with Factor 1 (all correlations ≥0.71); Pb and Hg were highly correlated with Factor 2 (correlations of 0.8 and 0.88, respectively) Results of the cluster analysis for factors in Strip 1 (Figure 2A ) showed similar results: Pb and Hg were clustered independently of other metals, while all other metals appear grouped; Ba, Be, Cu, Mn, and Ni appeared most tightly grouped of metals associated with Factor 1. In Strip 2, Factors 1 and 2 explained 27.6 and 21.9 % of the variance, respectively; a third factor was also retained in Strip 2 that explained 17.8 % of the variance (Table 3) . Beryllium, Cr, Cu, and Ni were most associated with Factor 1 (all correlations ≥0.69) and Ba and Mn were highly correlated with Factor 2 (correlations ≥0.85). Arsenic, Pb, and Hg were most associated with the third factor (correlations of 0.85 and 0.81 for Pb and Hg, respectively); however, As had a correlation of only 0.32 with the third factor and was weakly correlated with all factors in general. The cluster analysis tree diagram for Strip 2 showed similar results ( Figure 2B ): As, Pb, and Hg were tightly grouped; Ba and Mn were closely grouped; and Be, Cr, Cu, and Ni were grouped. In Strip 3, Factors 1 and 2 explained 28 and 26.8 % of the variance, respectively (Table 3) . Arsenic, Ba, Mn, and Hg were associated with Factor 1 (correlations ≥0.63) and Cr, Cu, Pb, and Ni were associated with Factor 2 (correlations ≥0.6). Cluster analysis results ( Figure 2C ) corroborated these groupings. Strip 4 had the most complex PCA results, with four factors retained explaining 23.7, 23.5, 15.2, and 14.4 % of the variance, respectively (Table 3) . Chromium and Ni were associated with Factor 1, Ba and Mn with Factor 2, As and Pb with Factor 3, and Cu and Hg with Factor 4. All correlations were ≥0.6. Cluster analysis results for Strip 4 ( Figure  2D ) also showed these four metal groupings. In Strip 5, Factors 1 and 2 explained 30.1 and 20.3 % of the variance, respectively (Table 3) . Barium, Cr, Mn, and Ni were most associated with Factor 1 while all other metals were associated with Factor 2. However, Cr had a low correlation with Factor 1 (0.37) while all others correlations for Factors 1 and 2 were ≥0.54 for Strip 5. The results of the cluster analysis for Strip 5 ( Figure 2E ) showed a slightly different pattern. Ba, Mn, and Ni were grouped, however Cr was grouped with As and Cu, and Pb and Hg were grouped separately. These groupings may be due to the fact that As, Cr, Cu, and Hg were not closely associated with either factor in Strip 5 (in comparison to most other strips). Of all strips, the most variance was explained by Factors 1 and 2 of Strip 1 (76.8 % total); however, all four factors of Strip 4 explained the same amount of variance. Strip 5 had the lowest total explained variance (50.3 %).
Communality is the proportion of variance of a particular item that is due to common factors (shared with other items). The proportion of variance that is unique to each item is, therefore, the respective item's total variance minus the communality (Statistica, 2008) . Arsenic had the lowest communality estimate of all metals in Strips 1, 2, and 4, and Cr had the lowest communality estimates in Strips 3 and 5 (Table 4) . Commonality estimates for Cr were also low in Strip 1, and commonality estimates were low for Hg in Strips 3 and 5. The highest communality estimates were for Ba and Mn in Strips 2, 3, and 5; for Be and Ni in Strip 1; and for Cr and Ni in Strip 4. Overall, Strip 1 had the highest and Strip 5 had the lowest communality estimates for all metals, which corroborates the total percent of variance explained by factors for each strip.
Discussion
Higher metal concentrations, based on both strip comparisons and spatial interpolation of metals by strip, were associated with Strips 2, 4 and 5, all of which had a higher MR/DD prevalence than the control strip. Strip 3 also had a cluster of MR/DD (although MR/DD case and control numbers were low in comparison the other strips), and it had low soil metal concentrations. Eco-geological characteristics of Strip 3 were unique; soils were the most acidic and had the least distance (≤0.6 m) to the water table. Unlike the well drained soils in all other strips, Strip 3 soils were poorly drained, therefore contact is maintained between ground water and soils. Since metal dissolution increases with soil acidity (Dijkstra et al., 2004) , it is possible that the combination of acidic and poorly drained soils, a shallow water table, and greater rainfall during high temperature summer months may enhance leaching of metals to the ground water in Strip 3 as compared to the other strips. In this case there may be metal contamination, but not accumulation as might occur in the other strips. Wong et al. (2002) concluded that concentrations of the heavy metals Cu and Zn were greater in the crop soils than natural and rice paddy soils in South China because flooding in paddy soils enhanced dissolution of Mn oxides, resulting in leaching of Cd and Co.
Land cover and use were not dominant determinants for soil metal concentrations; both the urban residential Strips 4 and 5 and the rural forested Strip 2 had high metal concentrations. Therefore it should not be assumed that rural, non-highly agricultural areas are uncontaminated, which corroborates findings of Aelion et al. (2008) . Both broad (e.g. ecoregion, which take into account both geological and ecological components) and specific (e.g. soil type and soil physical properties) natural characteristics appeared to be important determinants of soil metal concentrations than land cover and use. Ecoregion categorization, detailed soil characteristics, and the season of highest monthly rainfall (winter/early spring) were similar for Strips 2, 4, and 5, which had the highest metal concentrations. Parent soil material of granite and gneiss were more common in Strips 2, 4, and 5, and, based on Web Soil Survey information, specific soil types were the same for Strips 2 and 4 and similar to Strip 5. In contrast, marine or loamy deposit parent materials were more common in Strips 1 and 3, and the highest average monthly rainfall was in the summer.
Kriging of metal concentrations in Strips 1-5 showed that Strips 2, 4 and 5 had large areas over which high concentrations of metals overlapped, which was not the case for the control Strip 1 and the rural Strip 3. PCA analyses indicated, in general, that the metals Ba and Mn were consistently grouped and may represent naturally-occurring metals in all strips, which was corroborated by cluster analysis. No point sources of Ba were identified in any of our strips and statewide on-site releases of Ba in 2006 were only 125 kg. Two TRI air sources of Mn were identified in Strips 1 and 2, but it is unlikely that these limited releases of Mn had a significant impact on Mn soil concentrations. In contrast to our study, Loska and Wiechu a (2003) and Singh et al. (2005) , using PCA, concluded that Mn was from a combination of both natural and anthropogenic sources in river surface sediments of urban, industrial areas.
PCA suggested that both Pb and Hg were derived primarily from anthropogenic sources corroborating results of Möller et al. (2005) and Rodríguez Martín et al. (2006) . Except for Strip 3, Pb and Hg were not highly correlated or grouped in cluster analysis with naturally occurring Ba and Mn. Lead concentrations were higher in urban areas than rural areas suggesting that population-dependent characteristic such as vehicular traffic and land use may be important. TRI facilities in rural Strip 2 reported the highest Pb release to air. Mercury was equally distributed regardless of land use and industrial facility number suggesting ubiquitous long-range distribution from atmospheric releases as wet or dry deposition from manufacturing, coal-fired power plants and other combustion processes associated with industrial facilities (Nriagu and Pacyna, 1988) . SC has 12 coal-fired power plants (American Coal Foundation, 2008) , and sixty-two state water bodies (creeks, rivers, streams and lakes) spread over greater than half the area of SC have fishing advisories due to high Hg concentrations (SCDHEC, 2008) , another indicator of wide-spread Hg occurrence.
PCA indicated that both natural and anthropogenic sources contributed to Cr, Cu, and Ni concentrations in soils and were strip dependent. In the rural Strip 1, these metals were grouped with naturally-occurring metals, like Ba and Mn. Factor 1 explained twice as much of the variance in the data for Strip 1 than for all other strips suggesting more homogeneity in this strip. Li et al. (2004) concluded that Cr was geochemically associated with the major elements such as Al, Fe and Mn, which may originate from the soil parental materials, and Rodríguez Martín et al. (2006) concluded that Cr and Ni were from natural sources in agricultural topsoils of Spain, controlled by the soil parent rock on a regional scale, and that Cu also was natural except for local anomalies, which were attributed to anthropogenic influence (Rodríguez Martín et al., 2006) . Wong et al. (2002) suggested that Cu and Cr in crop, paddy and natural soils had common geochemical characteristics in the highly agricultural Pearl River Delta of South China.
Other research has concluded that Cu (Möller et al., 2005) and both Cu and Ni (Li et al., 2004) were from anthropogenic sources in urban areas. In the current study, for strips other than Strip 1, Cr, Cu and Ni (but predominantly Cr and Cu) appeared to be impacted by various sources. These metals were grouped with different metals in different strips. Both land use and point source releases from TRI facilities may impact Cr and Cu, which were generally higher in the urban areas and in areas with TRI facilities that emitted Cr and Cu to air (Cu in the rural Strip 2 and both Cr and Cu in Strip 4). PCA of Strips 2 and 5 indicated a combination of natural and anthropogenic sources for Cu (loading factors distributed between Factors 1 and 2), and natural sources for both Cr and Ni (loading factor distributed primarily in Factor 1). Strip 4 indicated a combination of natural and anthropogenic sources and additional variance for Cu and Cr (loading factors distributed between Factors 1, 2, and 3) and natural sources for Ni (loading factor distributed primarily in Factor 1). Strip 3 indicated a combination of natural and anthropogenic sources for Cu, Cr and Ni (loading factors distributed between Factors 1 and 2), but concentrations of all metals were low in this strip. These metals show high variability in concentrations and in potential sources.
Arsenic behaved differently than all other metals. It was associated with naturally occurring metals in Strips 1 and 3 (Factor 1), but appeared most closely grouped with Pb and Hg in Strip 2, Pb in Strip 4, and with Cu and Cr in Strip 5. In Strip 2, Factor 3 explained 13.8 % of the total variance for all metals, yet accounted for the greatest loading factor for As. Similarly, for Strip 4, Factor 3 explained 12 % of the variance for all metals, and accounted for the greatest loading factor (greater than the sum of loading factors for Factor 1 and Factor 2 combined) for As. Land use appeared to be important for As; Strips 4 and 5, with majority residential land use, had the highest As concentrations, although As was also present in the rural Strip 2. Arsenic is known to occur in pesticides such as lead arsenate (Yokel and Delistraty, 2003) . However, As has been measured in soils throughout the state . Arsenic was not released by any facilities in the strips and state-wide TRI releases of As were minimal for 2006 (8 lbs) (EPA, 2008) . This suggests more complexity is associated with its distribution in surface soils and additional research is required to identify these sources.
Conclusions
Surface soil metal concentrations are a product of a variety of natural and anthropogenic sources. It should not be assumed, however, that rural, non-highly agricultural areas have low soil metal concentrations. Rural Strip 2 behaved more like urban Strips 4 and 5 and had greater metal concentrations than the other rural Strips 1 and 3. Some metals (Ba and Mn) were consistently associated with natural sources in both the rural and urban areas although concentrations varied by strip. Other metals (Pb and Hg) were consistently associated with anthropogenic inputs in both rural and urban areas. Finally, the third category of metals (e.g., As, Cu, Cr, and Ni), was associated with both natural and anthropogenic sources, which varied by location. In general ecological and soil characteristics, particularly soil type, appeared to contribute most to the higher concentrations of metals measured in Strips 2, 4 and 5, suggesting an important natural component to the measured metal concentrations. For some metals associated with anthropogenic inputs, land use and the density of industrial facilities appeared to play a role in the higher concentrations measured, e.g., TRI air releases of Cu and Cr. Arsenic had a complex distribution in rural and urban soils; it was associated with an additional factor and had lower commonality compared to other metals measured. In these situations where the actual source of a metal is not readily discerned, reducing metal concentrations and mitigating human exposure will be more difficult than for those metals with a unique source. Tree diagrams showing normalized root-mean-square distance between clusters for Strips A) 1, B) 2, C) 3, D) 4, and E) 5. Cluster analysis of retained factors corroborated groupings based on principal component analysis. In all strips, Ba and Mn were grouped and in Strips 1, 2, 4, and 5, Hg and Pb were grouped. Cr, Cu, Ni and As had different groupings in different strips. Table 1 Site characteristics for Strips 1-5 compiled from health data and Federal and State GIS-based databases. Strips 2, 4, and 5 are the most similar in the majority of categories. Table 2 Metal concentration (mg kg −1 dw) means and standard deviations (SD) for Strips 1-5, and ANOVA p-values for comparisons of metal concentrations between strips. Strips 2, 4, and 5 had higher mean metal concentrations than Strips 1 and 3, and all metals were significantly different between strips. 17 (19) 15 (15) <0.0001
GIS-Based
Pb 12 (11) 30 (31) 17 (20) 45 (50) 69 (170) <0.0001
Mn 86 (230) 520 (610) 22 (24) 260 (180) 240 (170) <0.0001 Communality estimates from PCA (varimax rotation) for all metals in Strips 1-5. Of all metals, As had the lowest communality estimates for Strips 1, 2, and 4, and Cr had the lowest communality estimates for Strips 3 and 5. 
